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THE ELECTRODE EQUIUBRIUM OF 1 



F. A. Wolff and C E. \l 



Some experiments described by Hulett * 
of a state of unstable equilibrium in tl 
account of the importance of the subject, 
the question at the Bureau of Standards. 

The equilibrium between cadmium an: 
phate was first studied. Saturated solution 
up in air, nitrogen, hydrogen, and in vacut 
but in no case did the electromotive fore 
treated and untreated solutions differ more 
though the samples shaken in the presence 
from the formation of an excess of basic cj 

The equilibrium of the system mercury 
mium sulphate, and of the corresponding 
was then studied in special cells, so co 
materials could be rotated and the effect < 
ing the cell. 

This consisted of a tube about 2 cm in 
provided at the lower end with a small bu 
wire was sealed. The bulb was connects 
narrow neck, so that, with sufficient men 
num terminal was not in contact with 1 
rotation. 

' An abstract of this paper was read at the New ' 
Physical Society, December, 1906, Phys. Rev., 24, 2 
'Phys. Rev., 28, 166; 1906. 
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A shorter internal tube about i cm in diameter with several 
lateral openings, sealed in at the other end of the main tube, was 
charged with amalgam and crystals of cadmium or zinc sulphate, 
which were held in place by a plug of asbestos. Contact with the 
amalgam was made by means of a platinum wire, protected from the 
solution by sealing it into a glass tube, which extended through the 
upper seal made after the introduction of the above materials. 

The mercurous sulphate and cadmium sulphate or zinc sulphate 
crystals were introduced over the mercur>' through a side tube by 
which the cell was exhausted and through which a saturated solu- 
tion of cadmium or zinc sulphate was subsequently introduced. 
After filling, the side tube was sealed off, leaving only a small air 
bubble in the cell, thus practically eliminating any possible influ- 
ence of air. 

The cells were then placed in holders so arranged that one dozen 
could be simultaneously rotated at any desired speed, with their axes 
parallel to the axis of rotation and inclined at a small angle to the 
horizontal, thus insuring a thorough stirring of the paste and mer- 
cury with the electrolyte, even at five or six revolutions per minute. 
The measurements were made in an automatically controlled oil 
bath at 25°, immediately after stopping the rotation and raising the 
holder to a vertical position under the oil. Altogether 12 Weston 
and 5 Clark cells of this type were set up with samples of mercurous 
sulphate, made not only by the electrolytic method but also by sev- 
eral chemical methods. The mercurous sulphate was washed in a 
Gooch crucible three times with i : 6 sulphuric acid, six times with 
absolute alcohol, and three times with saturated zinc or cadmium 
sulphate solution. . The data and results are given in the following 
tables: 
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Oct. 13 


Pnrifledby 
Recryt- 
talUza- 
tion. 


12|)(Kahl. 
Rl.Diit. 


Dittfflod 
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preeeore. 
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Oct.30 
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bi. 
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tRl2 


Oct.30 
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1 1 


II 


bw 




R 3 


Oct. 13 
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II 
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Oct. 13 
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Oct.30 
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Oct.l6 
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Oct.30 
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II 


1 1 
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R 7 


Oct. 16 


II 


II 
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tR 9 


Oct.30 


II 


1 1 
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^ Platinum terminal czpoaed to paste, 
t Basic cadmiiim sulphate added to paste. 
I Mercurous sulphate rotated with saturated CdS04 soluL- 
the cells. 
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Clark Rotating Cel 



Cell 


Date 
1906 


ZnSOi 


Zn 
Amalff* 


Mercury 




8a 


R2 

•R3 

R5 

*R4 
Rl 


H0T.5 

HOT.S 

H0T.5 

HoT.S 
Not. 5 


Purified by 
Bkctiolytli 

II 

II 
tt 
II 


Kabl.I 

tt 

II 
1 1 
II 


Distilled 

at reduced 

piMiure 
II 

II 
II 
II 


b,, 
i«b 

Au 
Alt 
Af 



* Zinc oxide added to ps 
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TABLE III. 
Weston Rotation Cells. 



[Differences in microToltt from mean of reference cells.] 



Date 



i< 
it 
t* 
it 
it 



Oct. 18/06 
** 19 

20 

22 

23 

24 

25 
M 27 
«« 29 
«« 31 
Nov. 5 
«« 8 
«« 12 
«• 16 
** 19 
II 24 

«« 30 
Dec. 5 

«« 10 

«• 14 

«« 21 
Jan. 5, '07 

• « 10 

«« 14 

«« 24 

«« 30 
Feb. 5 

«• 8 
Kar. 1 

** 12 
Apr. 5 

** 10 

lfa72S 

June 4 
II 7 

«« 15 
Aug. 15 
8ept.27 



Rl 



Diff. 



+72 
+43 
+11 
+29 
+44 
+42 
+45 
+63 
+88 
+61 
+73 
+66 
+72 
+64 
+59 
+50 
+35 
+31 
+46 
+50 



Time 



D. H. 





15 
18 
9 
1 
1 
21 



1 
3 
5 

6 



10 14 
12 17 
16 12 



20 
23 
28 
28 
28 
32 



8 
5 

4 
8 
8 
1 



35 16 



Rll 



Diff. 



- 4 
+ 55 

+ 79 
+ 69 
+ 116 
+ 139 
+ 204 
+ 117 
+ 93 
+ 240 
+ 271 
+ 348 
+ 520 
+ 567 
+ 427 
+ 749 
+ 926 
+1030 
+1073 



+ 494 
+ 571 



Time 



D. H. 





3 7 

5 11 

9 

12 20 

15 17 

20 16 

20 20 

20 20 

24 13 

28 4 

33 21 

46 12 

50 6 

52 18 

61 12 

67 2 

71 10 

72 21 



72 21 
72 21 



R12 



Diff. 



-11 
+37 
-17 
-31 
-54 
-36 
-26 
-37 
-39 
- 8 
-25 
-17 
-32 
-27 
-34 
-26 
-36 
-36 
-35 
-43 
-42 
-41 
-34 
-38 
-34 
-37 
-37 
-40 
-41 



Time 



D. H. 





3 7 

5 11 

9 6 

13 2 

15 23 

20 22 

21 2 
21 2 
24 19 
28 10 
34 12 
47 3 
51 20 
54 8 
62 16 
68 6 

73 6 

74 18 
93 14 

102 14 
121 4 
124 10 
135 4 
144 20 
147 18 
155 6 
155 6 
155 6 



R3 



Diff. 



+89 
+59 
+24 
+39 
+53 
+57 
+41 
+64 
+88 
+69 
+83 
+67 
+69 
+70 
+69 
+71 
+35 
+33 
+74 
+74 
+92 
+67 
+66 
+51 
+66 
+50 
+49 
+46 
-38 
-29 

- 8 
-10 

- 7 

- 3 
+ 2 

- 3 

- 5 

- 6 



Time 



D. H. 









15 

18 

1 9 

3 1 

5 1 

6 21 
10 14 
12 17 
16 12 
20 8 



5 

4 
8 
8 
1 



23 

28 

28 

28 

32 

35 16 

41 18 

54 7 

59 4 

61 16 

70 

75 22 

80 21 

82 9 

101 5 

110 5 

128 19 

132 1 

142 19 

152 11 

155 9 

162 21 

162 21 

162 21 



R5 



Diff. 



+ 83 
+ 59 
+ 34 
+ 54 
+ 57 
+ 88 
+103 
+142 
+149 
+ 93 
+ 90 
+104 
+ 71 
+ 50 
+ 47 
+ 41 
+ 29 
+ 26 
+ 40 
+ 45 
+ 41 
+ 41 
+ 47 
+ 40 
+ 46 
+ 42 
+ 37 
+ 38 
+ 38 
+ 32 
+ 90 
+ 94 
+127 
+135 
+ 142 
+169 
+ 44 
+ 38 



Time 



D. H. 





15 
18 
9 
1 
1 



6 21 
10 14 
12 17 
16 12 



8 
5 

4 
8 
8 
1 



20 

23 

28 

28 

28 

32 

35 16 

41 18 

54 7 

59 4 

61 16 

70 

75 22 

80 21 

82 9 

101 5 

110 5 

128 19 

132 1 

142 19 

152 11 

155 9 

162 21 

162 21 

162 21 



R6 



Diff. 



+92 
+67 
+39 
+55 
+66 
+43 
+41 
+58 
+83 
+56 
+65 
+46 
+52 
+55 
+54 
+54 
+32 
+30 
+54 
+53 
+38 
+19 
+28 
+13 
+33 
+24 
+32 
+28 
+35 
+40 
+51 
+76 
+84 
+95 
+94 
+99 
+43 
+23 



Time 



D. H. 





15 
18 
9 
1 
1 



6 21 
10 14 
12 17 
16 12 
20 8 



5 

4 
8 
8 
1 



23 

28 

28 

28 

32 

35 16 

41 18 

54 7 

59 4 

61 16 

70 

75 22 

80 21 

82 9 

101 5 

110 5 

128 19 

132 1 

142 19 

152 11 

155 9 

162 21 

162 21 

162 21 
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TABLE III. 
Weston Rotation Cells. 



[Differences in microToltt from mean of refers 



R2 


Rl 


R4 

! 


RIO 


Dicr. 


Time 


Di«r. 


Time 


Diff. 


Time 


Diff. 


Time 




D. H. 




D. 


H. 




D. 


H. 




D. H. 


+148 











+ 137 











+115 









+ 100 











+ 59 









+ 69 











+ 98 









+ 94 











+103 


15 






+ 95 




15 






+220 


18 






+ 252 




18 






+275 


1 9 






+ 354 


1 


9 






+245 


3 1 






+ 316 


3 


1 






+313 


5 1 






+ 363 


5 


1 






+321 


6 21 


- 9 







+ 441 


6 


21 


+216 





+340 


10 14 


+515 


3 


7 


+ 440 


10 


14 


+590 


3 7 


+329 


12 17 


+474 


5 


11 


+ 572 


12 


17 


+556 


5 11 


+292 


16 12 


+389 


9 





+ 429 


16 


12 


+501 


9 


+279 


20 8 


+380 


12 


20 


+ 810 


20 


8 


+440 


12 20 


+259 


23 5 


+414 


15 


17 


+ 754 


23 


5 


+479 


15 17 


+237 


28 4 


+364 


20 


16 


+ 754 


28 


4 


+389 


20 16 


+152 


28 8 


+272 


20 


20 


+ 655 


28 


8 


+265 


20 20 


+136 


28 8 


+228 


20 


20 


+ 613 


28 


8 


+234 


20 20 


+204 


32 1 


+337 


24 


13 


+ 931 


32 


1 


+336 


24 13 


+194 


35 16 


+336 


28 


4 


+1092 


35 


16 


+314 


28 4 


+ 191 
+150 
+147 
+ 126 
+ 56 
+110 
+115 
+113 


41 18 
54 7 
59 4 
61 16 
70 

75 22 
80 21 
82 9 














+248 
+207 
+207 
+195 
+196 
+146 
+135 
+139 


33 21 










46 12 










50 6 










52 18 










61 12 










67 2 










71 10 










72 21 


+118 


101 5 














+ 60 


110 5 














+115 


128 19 














+114 
+113 
+115 
+111 


132 1 
142 19 
152 11 
155 9 


















































+135 
+ 15 
+ 7 


162 21 
162 21 
162 21 






















+ 55 
+ 55 


72 21 










72 21 
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TABLE IV. 
Clark Rotation Cells. 



[Dif ferenoet in microTolts from mean of referenc* c^ls.] 



Date 




R2 






R3 






R5 




R4 




Rl 
































Diff. 


Time 


Diif. 


Time 


Diif. 


Time 


Dicr. 


Time 


Diir. 


Time 






D. 


H. 


D. 


H. 


D. 


H. 


D. 


H. 




D. H. 


Hot. 6, '06 


-25 







-120 















-140 







+ 13 





Hot. 7 


-13 




22 


-130 




22 


+ 30 




22 


- 50 




22 


+ 27 


22 


Hot. 8 


+16 


1 


22 


- 54 


1 


22 


+ 59 


1 


22 


- 26 


1 


22 


+ 49 


1 22 


Hot. 12 


+ 16 


4 


16 


+ 45 


4 


16 


i-lOO 


4 


16 


+ 25 


4 


16 


+ 90 


4 16 


Hot. 16 


+17 


8 


13 


+ 2 


8 


13 


+ 89 


8 


13 


+ 2 


8 


13 


+ 72 


8 13 


Hot. 24 


+21 


16 


9 


+ 4 


16 


9 


+ 89 


16 


9 


± 


16 


9 


+ 81 


16 9 


Hot. 30 


+36 


16 


12 


+ 18 


16 


12 


+ 61 


16 


12 


- 5 


16 


12 


+ 46 


16 12 


Dec. 5 


+22 


16 


12 


- 20 


16 


12 


+ 45 


16 


12 


- 43 


16 


12* 


+ 22 


16 12 


Dec. 10 


+22 


20 


6 


+202 


20 


6 


+ 72 


20 


6 


- 34 


20 


6 


+ 22 


20 6 


Dec. 14 


+21 


23 


20 


+273 


23 


20 


+113 


23 


20 


+ 98 


23 


20 


+ 8 


23 20 


Dec. 21 


+26 


29 


22 


+ 22 


29 


22 


4-34 


29 


22 


+ 20 


29 


22 


- 36 


29 22 


Jan. 5, '07 
Jan. 10 
Jan. 14 
Jan. 24 








-217 
-243 
-160 
+ 5 


42 
47 
49 
58 


14 

10 

22 

7 


-136 
-141 
-199 
- 5 


42 
47 
49 
58 


14 

10 

22 

7 


- 17 

- 3 

- 50 

- 47 


42 
47 
49 
58 


14 

10 

22 

7 


+ 12 
+ 7 
- 99 

+157 


42 14 






47 10 






49 22 






58 7 


Jan. 30 
Feb. 5 






+ 20 
+ 16 
+ 17 

- 17 

- 20 

- 88 

- 91 


64 
69 
70 
89 
98 
117 
120 


4 

4 

16 

12 

12 

2 

8 


-159 
-155 
-145 
-143 
-182 

- 68 

- 59 

- 76 


64 

69 

70 

89 

98 

117 

120 

131 


4 

4 

16 

12 

12 

2 

8 

2 


- 35 

- 26 

- 23 

- 37 

- 60 

- 28 

- 43 

- 79 


64 

69 

70 

89 

98 

117 

120 

131 


4 

4 

16 

12 

12 

2 

8 

2 


- 33 

- 48 

- 4 

- 97 
-227 
-108 
-145 
+174 


64 4 






69 4 


Feb. 8 






70 16 


Kar. 1 






89 12 


Kar. 12 






98 12 


Apr. 5 
Apr. 10 
May 25 
Jane 4 






117 2 






120 8 






131 2 






1 


- 91 


140 


18 


- 84 


140 


18 


-216 


140 18 


Jane 7 
Jane 15 






- 47 


143 


16 


- 79 

- 86 


143 
151 


16 

4 


- 62 

- 76 


143 
151 


16 

4 








• 


+ 3 


151 4 











